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Abstract

Background and methods Based on the available
literature, it is suggested, in the clinical evaluation of
the chiasmal tumors, that the following electrophys-
iological tests: visual evoked potentials to pattern-
reversal stimulation, multifocal visual evoked poten-
tials (mfVEPs), and pattern electroretinogram (PERG)
play an important role in the diagnosis of the optic
nerve and retinal dysfunction in the course of pituitary
tumors.

Results Macroadenomas and also microadenomas
may cause dysfunction of retinal ganglion cells
(RGCs) and their axons, even in the absence of
changes in the routine ophthalmological examination,
retinal sensitivity in standard automated perimetry,
and retinal nerve fiber layer thickness in optical
coherent tomography. The most frequently observed
changes in electrophysiological tests were as follows:
in PVEPs—the crossed/uncrossed asymmetry distri-
bution, altered waveform, increase in P100-wave peak
time, and/or reduction in amplitude; in mfVEPs—the
peak time prolongation and/or amplitude reduction in
Cl-wave; in PERG—the reduction in NO95-wave
amplitude and decreased N95:P50 amplitude ratio.
Hemifield PVEPs were more often abnormal than full-
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field PVEPs. Multi-channel recording is recom-
mended for the assessment of the anterior visual
pathway. The use of mfVEP offers the possibility to
register localized disturbances of the optic nerve and
ganglion cells. Additionally, an amplitude of NOS5-
wave reduction in PERG correlated with a lack of
postoperative visual acuity recovery. The postopera-
tive improvement in the visual field was found to be
associated with a normal N95:P50 amplitude ratio.
The RGCs dysfunction manifested by decrease in
PhNR/b-wave amplitude ratio was associated with the
worse visual fields outcome. A review of the literature
summarizing the electrophysiological testing in the
pituitary adenoma is discussed.

Conclusion In patients with pituitary tumor, detec-
tion of the early dysfunction of the visual pathway may
lead to modification of the medical treatment regimen
and reduce the incidence of irreversible optic nerve
damage.

Keywords Pituitary adenoma - Visual pathway
dysfunction - PVEP - mfVEP - PERG

Introduction

Chiasmal disorders may have an influence on the
anterior visual pathway function, even in the early
stage of the disease and can lead to optic nerve
damage. The pituitary tumors are the most common
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cause of chiasmal syndrome, manifested as bitemporal
hemianopia and associated symptoms [1]. It represents
the most frequent intrasellar pathology and accounts
for about 10-15% of all intracranial tumors [2, 3].
About 70% of pituitary adenomas occur in individuals
aged 30-50 years [4].

Many studies’ results have suggested one or more
genetic factors that may contribute to the formation of
pituitary adenomas. Pituitary tumors are thought to
result from a single cell mutation followed by clonal
expansion involving dysregulation of cell growth
through either activation of an unknown oncogene or
inactivation of a tumor suppressor gene [5].

Pituitary adenomas are benign epithelial lesions
that rarely metastasize [4]. The tumor is classified
based on its size as microadenoma (dimen-
sion < 10 mm) and macroadenoma  (dimen-
sion > 10 mm) [3, 4, 6]. Classification concerning
endocrine function distinguishes hormone secreting
from non-secreting tumors. Functional adenomas
occur in 70% of cases, and prolactinomas are the
most common secreting tumors and account for about
30%. Non-functional tumors comprise 25-30% of
pituitary adenomas. The majority of non-secreting
changes are macroadenomas which often grow to a
significant size, causing mass effects [1].

Growth rate

There are a few studies describing the natural history
of the pituitary adenoma. The average tumor growth
depends on the initial size, the hormonal activity, and
the sex [7].

The mean tumor growth rate for the patients with
pituitary adenoma  was calculated to be
1147 + 870 days, with functioning tumors demon-
strating a significantly shorter growth rate at
747 £ 564 days compared with clinically non-func-
tioning PA at 1334 + 926 days. The mean growth rate
based on histopathological subtypes was as follows:
null cell—1579 £ 1235; gonadotrophs—
1097 £ 668; prolactinomas—1222 £+ 1223; soma-
totrophs—895 + 612; corticotrophs—2215 + 2098;
and plurihormonal tumors—941 + 502 days [8].

Enlargement of non-functioning adenomas without
treatment occurs in about 10% of microadenomas and
23% of macroadenomas. Specifically, among the
patients with microadenomas, 10% had tumor growth,
7% had reduction in tumor size, while 83% remained
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unchanged in size in follow-up magnetic resonance
imaging (MRI) over an observation period of
1-8 years. In contrast, of the patients with macroade-
nomas, 23% were demonstrated to have tumor
enlargement, 12% showed evidence of tumor size
reduction, and 65% remained stable in size during the
follow-up period [9].

Studies examining the natural history of untreated
microprolactinomas have shown that significant
growth of these tumors is uncommon. Six series of
patients with microadenomas who were found to have
computed tomography or tomographic evidence of
prolactinomas were observed without treatment for a
period up to 8 years. Of women with small adenoma,
only 7% microprolactinomas had evidence for growth
and demands therapy [10-12].

Mechanism

The mechanism for visual dysfunction produced by
the pituitary tumors is unclear. The most likely causes
are either a direct compression of visual fibers and/or
interference with their vasculature. The sella turcica
with its resistant dural diaphragm constitutes a non-
expansible cavity, which, upon invasion by a space-
occupying lesion, generates an intrasellar hyperten-
sion. It is worth to know that this pressure must be
greater than venous pressure for the production of
changes in the sanguine return, greater than arterial
pressure to block the blood flow [13-16]. In proportion
to the size of the sella turcica, an occupying lesion only
has to be of some fraction of a millimeter for the
initiation of this mechanism. If it is of sufficient size to
act mechanically on the cerebrospinal fluid circulation
area, it will produce ischemia and affect the optic
chiasm, and if it is large enough to compress the
vessels, it will act more directly. It was proven that
tumors greater than 1 mm cause distortion of the
vessels of the inferior group to a greater degree than
the compression caused by the nervous structures, thus
generating ischemic phenomenon on the visual path-
way [15]. The anatomical relationship between the
optic chiasm and the pituitary gland also makes the
optic pathway susceptible to influence by lesions
expanding from the sella turcica. This condition can
disrupt neural conduction along the axons, impairs
anterograde and retrograde axoplasmic flow, and can
be a cause of demyelination. Gradual chiasmal
compression can increase the nerve fiber loss and
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retrograde degeneration of RGCs [17, 18]. Other
possibilities of the visual pathway abnormalities are
changes in metabolites, trophic factors, or proteases
associated with developing neoplasm in the immediate
microenvironment [19-21].

Symptoms

The clinical symptoms of pituitary adenoma include
hormonal and visual changes. The neuro-ophthalmo-
logical symptoms are mostly observed in the course of
a non-functional tumor (70%). Approximately in one-
third of patients with clinically apparent pituitary
tumor, the visual disturbance occurs, which usually
develops gradually and may not be noticed because of
the adaptation process [1, 3, 4].

The main neuro-ophthalmological finding in pitu-
itary tumors is visual field defect (50-96%). The
classic abnormal perimetry result is the bitemporal
hemianopia due to the growth of the tumor, which
compresses the crossed nasal fibers in the chiasm
[5, 18, 19, 22]. However, thirty percent of the patients
had no visual field abnormalities because of tumor
size, location, and/or growth direction [3, 18, 20, 23].
Additionally, a short duration or the slight compres-
sion of the optic chiasm cannot provide visual field
defects, which typically appear when at least 30-50%
of RGCs are damaged [20, 22].

The pituitary adenoma compressing the visual
pathway can be also a cause of abnormal color vision
(56%), visual acuity reduction (36-46%), and optic
atrophy (31%). Papilledema, ocular motor palsies, and
disturbance of the papillary reflexes are seldom
(1.52%) [3, 4, 6, 18, 22, 24, 25].

Management

The endocrine tests and neuroradiology are the
investigations of choice in the patients with the
pituitary adenoma. The ophthalmological examina-
tions are applied as a complementary test in diagnosis
of the intracranial tumors.

Regarding the follow-up of adenomas not meeting
the criteria for surgery, the following tests should be
performed: MRI at 1 year for microadenomas, at
6 months for macroadenomas to assess progression,
and then less frequently if unchanged in size [26].
Visual field testing is recommended for patients with
lesions abutting or compressing the optic nerves or

chiasm at the initial evaluation and during follow-up
(6 months and yearly) and endocrine testing for
macroadenomas (6 months and yearly) [26, 27].

In general, treatment is indicated if mass effect
from the tumor and/or significant effects from hyper-
prolactinemia are present [28]. Bromocriptine, as a
dopamine agonist, can be a choice in the treatment of
prolactinoma. It decreases both the synthesis and
secretion of prolactin. Bromocriptine treatment leads
to tumor reduction in approximately 80% of micro-
prolactinoma and in 70% of macroprolactinoma of
non-pregnant patients. Up to 70% of patients who do
not respond to bromocriptine respond to cabergoline,
which is better tolerated than bromocriptine [29].
Larger tumors, resistant to medical therapy, can be
surgically excised or treated by radiotherapy [30].

Long-term studies show that during pregnancy, the
pituitary gland grows in size, which leads to an
increase in prolactin production. Data in the literature
indicate that the risk of tumor enlargement during
pregnancy may occur in 3% of those with microade-
nomas, 32% of those with macroadenomas that were
not previously operated on, and 4.8% of those with
macroadenomas with prior ablative treatment [31].
The likelihood of progression from microprolacti-
noma to macroprolactinoma ranges from 0 to 12.5%
[32].

The risk of significant asymptomatic tumor widen-
ing during pregnancy is 4.5%, and that of symptomatic
tumor growth is < 2% [31]. The risk of new neuro-
logical sequel development (headaches, neuropathy,
stalk compression) during pregnancy ranges from 1.6
to 5.5% [30, 32]. The risk of developing visual loss
during single or multiple pregnancies in patients with
microadenomas was small [33]. In pregnant women
with microprolactinomas, dopamine agonists can be
stopped at the 8th week of gestation safely due to the
low risk of clinically relevant tumor expansion
[30, 34]. So patients should be followed up monthly
according to clinical symptoms such as headache and
visual disturbance. Visual field examinations should
be done at baseline at the time of diagnosis and should
be followed every trimester [31, 35].

The rate of all adverse outcomes in pregnant
women with macroprolactinoma is 36%: headaches
(99.6%), headaches and visual impairment (25%), and
diabetes insipidus (< 1%). Subsequent studies have
reported neurological symptoms (13%) and visual
impairment (75%) in women with
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macroprolactinomas during pregnancy [32]. The first
option is to discontinue the dopamine agonist after
confirmation of pregnancy with close follow-up.
Monitoring should include screening for symptoms
such as headache and visual problems, visual field
examination every 2 months, and pituitary MRI
without a contrast agent after the first trimester, which
can be individualized for each patient. Follow-up may
be preferable in patients with relatively small
macroadenomas away from the optic chiasma. The
second option is continuing dopamine agonist therapy
throughout pregnancy. It may be preferred when the
duration of dopamine agonist therapy before concep-
tion is short or when the tumor is outside intrasellar
boundaries. If clinical signs of progression such as
severe headache and visual field defects occur, an MRI
without gadolin should be performed, and then, a
dopamine agonist should be restarted if there is an
increase in tumor size. If there is no response to
dopamine agonist therapy, delivery may be the
treatment of choice when the term is close. Transsphe-
noidal surgery can be performed on patients whose
term is not close [35, 36]. However, if there is rapid
worsening of neurological sign and symptoms, it may
be necessary to use a decompression surgery [30, 34].

In the current algorithm for pituitary tumor man-
agement, ophthalmological indications for surgery are
as follows: a visual field deficit due to the lesion, other
visual abnormalities, such as ophthalmoplegia or
neurological compromise due to compression by the
lesion, lesion abutting or compressing the optic nerves
or chiasm on MRI, pituitary apoplexy with visual
disturbance [27, 37].

Electrophysiology

The previous data suggested that the electrophysio-
logical tests (PVEPs, mfVEPs, PERG) can be a
reliable method for assessing the visual pathway in
patients with pituitary adenoma. Electrophysiological
examinations are objective, sensitive, and noninvasive
and can provide important information on the func-
tional status of the visual system. These tests represent
an extension of clinical examination, but are not yet
routinely performed [23, 24, 38, 39].

In patients with pituitary adenoma, the above-
mentioned tests may be useful in the following
conditions: the initial assessment and the early diag-
nosis of the patient with visual symptoms, the
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identification of the sites of the dysfunction, the
estimation of the severity of the disease, the evaluation
of the progression and management of patients with
radiologically confirmed lesion, and the conduction of
the postoperative monitoring [24, 25].

The electrophysiological tests can be used in
assessing the subjects whose visual symptoms are
unreliable, atypical, still minimal, or unaffected,
especially in early stage of the asymptomatic or non-
secreting tumors. It is worth knowing the abnormal-
ities in a visual pathway can be detected by electro-
physiological tests before the appearance of structural
changes, which can result in severe irreversible visual
loss [6, 19, 20, 24, 40—43]. The electrophysiological
examination should be used in the detection of early
impairment of RGCs and/or optic nerve caused by
pituitary adenoma, even without chiasmal compres-
sion seen in MRI. These tests can reveal abnormalities
of a more widespread and insidious lesion of the visual
pathway than expected based on tumor size [20]. The
abnormalities of the electrophysiological examina-
tions can be found even in patients without clinical
evidence of the visual pathway impairment in visual
acuity, perimetry, or optical coherent tomography
(OCT) [6]. These recorded disturbances may be a first
indicator of functional involvement of the chiasm and
may influence the treatment strategies of the pituitary
adenoma [24]. In patients with pituitary tumor, the
early detection of the visual system abnormalities by
electrophysiological tests and prompt treatment may
be a cause of the reversible dysfunction of the visual
pathway [20].

The aim of this paper is to present the current stage
of knowledge concerning the visual electrophysiology
in management of pituitary tumors.

Visual evoked potentials

From the available literature, it may be concluded that
in patients with chiasmal compressive lesions, most
frequently VEPs were used. The full-field pattern-
reversal VEPs are objective, quantitative, and repeat-
able tests and are more sensitive than conventional
clinical examinations of visual acuity and visual fields
[38, 44].

Compression of the optic chiasm produces VEP
asymmetries (24%) or results in an altered waveform
(40%), amplitude reduction (41%), and peak time
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increase (34%, 1-32 ms) of
[38, 43, 45-47] (Fig. 1).

The amplitude changes may reflect in the conduc-
tion block in damaged fibers, whereas the delay of
peak time may reflect in the slowed conduction
through demyelinated segments of the nerve fibers,
which occur as a result of compression [43, 46, 47].

If a tumor at the chiasm compresses the crossed
optic nerve fibers from both eyes, the VEPs show a
characteristic crossed asymmetry distribution (Fig. 2).

Chiasmal dysfunction gives a crossed asymmetry,
whereby the lateral asymmetry obtained on the
stimulation of one eye is reversed when the other
eye is stimulated. The pattern stimuli should be
presented with a field of 30 degree. A minimum of
two channels are needed to detect lateral asymmetries.
The minimum of three active electrodes (two lateral
electrodes placed at Ol and O2 and a third midline
active electrode at Oz) referenced to Fz should be
used. It correlates with temporal field defects and
bitemporal hemianopsia. Particular caution is needed
when interpreting multi-channel pattern-reversal
VEPs because of the paradoxical lateralization. This
phenomenon, in which the response recorded at a
lateral scalp location is generated by activity in the
contralateral hemisphere of the brain, occurs with a
large field, large check reversal stimulus, and common
reference recording to Fz [48]. Bipolar recordings
using ipsilateral hemisphere reference electrodes do
not show paradoxical lateralization of the signal
recorded via Fz reference is thus apparent [24]. When
the tumor is more posterior and lateral to one side of
the optic chiasm, the VEPs can show an uncrossed

P100-wave

P100

Amplitude (uV)

P100

10.0 pV/div

25.0ms/div Time (ms)

Fig. 1 Comparison of the PVEP result in a patient with
pituitary adenoma (a) versus the healthy individual (b)

asymmetry distribution [23, 38, 44-47]. Multi-chan-
nel VEP recording is not required for a basic ISCEV
standard clinical VEP. However, assessment of the
chiasmal and postchiasmal visual pathway dysfunc-
tion requires multi-channel recording for accurate
diagnosis [48].

The PVEPs often indicated marked functional lack
of symmetry, whereas the results of the neuroradiol-
ogy suggested regular midline suprasellar extension
[44].

Several studies’ results have demonstrated that
half-field stimulation reveals abnormalities not
detectable with full-field stimulation in chiasmal
lesions, but adequate consideration of registration
parameters is critical to VEP interpretation [44].
Hemifield stimulation has shown greater sensitivity
(36-85%) than full-field stimulation (29-74%) of
early chiasmal involvement [23, 38, 43—46]. This is
due to a separated registration of conduction along the
crossed and uncrossed fibers in half-field PVEPs and
corresponds to the isolated damage, while recording in
full-field can be normal because it is compensated by
the conduction of impulses through the undamaged
fibers [43-46, 49, 50]. Some patients with reduced
visual acuity have difficulty maintaining accurate
fixation, and it might not be possible to perform
hemifield stimulation in some cases [44].

Multifocal visual evoked potentials

The multifocal visual evoked potential may also be
used in diagnosis of compressive optic neuropathy
[6, 51, 52]. This method is useful in detecting optic
pathway dysfunction providing visual field loss. The
mfVEPs give a map of RGCs and their axons usually
from central 50°, and its result corresponded topo-
graphically with retinal sensitivity measured by static
perimetry [6, 50, 53].

By using more than one channel to record the
mfVEPs signals, the sensitivity of the method can be
improved [52, 54, 55]. A method based on the analysis
of the SNR (signal-to-noise ratio) of mfVEP signal
amplitude improves the assessment of patients at risk
of developing visual field defect. However, inter-
individual differences and recording variability make
the interpretation of this test technique sometimes
difficult [55].
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Fig. 2 Comparison of the
multi-channel VEP result in
a patient with pituitary
adenoma (a) versus the
healthy individual (b)

Chiasmal compression due to pituitary adenoma
causes the reduction in amplitudes and increase in
peak time of the mfVEPs response (Fig. 3).

Abnormality in mfVEPs that are present mainly in
the upper temporal quadrant can manifest as the
amplitude reduction in Cl-wave associated with
damage of the retinal ganglion cells and/or their axons
[6, 51, 53]. The superotemporal quadrants of vision are
usually first affected in consequence of the inferonasal
fibers compression [24, 41]. The increased C-wave
peak time may be a first feature of localized optic
nerve dysfunction, which was not otherwise apparent
on conventional tests [6, 53].

Electrophysiological abnormalities located in
another quadrant may be most likely caused by the
intrasellar hypertension [14-16]. Additionally, this
may have an importance in the significance of mfVEPs
in early diagnosis and follow-up of patients with
pituitary tumor.

The monitoring of the mfVEPs parameters may
help to assess the progression of disease objectively,
even in subject with normal visual field, due to small
differences in the response between subsequent ses-
sions in the same patient [S1].
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The mfVEPs, SAP, and OCT provided comple-
mentary information for detecting visual pathway
abnormalities in patients with pituitary adenoma.
Several studies’ results suggest functional tests
(mfVEP and SAP) detected earlier and more abnor-
malities in patients with pituitary adenoma than the
structural test, such as OCT [56]. Correlation between
mfVEPs and OCT in patients with pituitary adenoma
was limited by the fact that SAP and mfVEPs measure
the function of the entire visual pathway, whereas
OCT only measures retinal ganglion cells complex
(GCC) and optic nerve integrity from smaller area
[20].

Pattern electroretinogram

The PERG is a next electrophysiological test, which
can be useful in the early diagnosis and management
of patients with chiasmal lesions [20, 23, 24]. The
positive P50 component is invariably affected in
retinal and macular dysfunction (19%), whereas the
negative N95 component is generated (100%) from
RGC:s and is principally affected in optic nerve disease
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Fig. 3 Comparison of the VF 24-2 (W-W) and mfVEP result in the healthy individual (a) versus a patient with pituitary adenoma (b)

(81%) [44]. In more severe RGC damage, P50 may
also show amplitude reduction (Fig. 4).

Furthermore, some diagnostic value has analyzed
the ratio between N95 and P50 amplitudes [40, 41]. It
has been suggested that N95/P50 ratio may be an
important prognostic indicator for visual outcome in
the preoperative assessment of optic nerve compres-
sion by the pituitary tumor. The postoperative wors-
ening in the visual field was found to be associated
with the abnormal PERGN95/P50 ratio. A disturbed
PERG N95-wave correlates with a lack of postoper-
ative visual acuity recovery, despite the successfully
performed neurosurgical removal of the tumor
[23, 24, 38, 40].

The improvement in visual function following the
early diagnosis and timely appropriate intervention of
the pituitary adenoma is highly variable and can be
observed. It may be connected with reversible short-
lasting dysfunction of the anterior visual pathway.
Probably, the reversible RGC dysfunction is due to

Amplitude (pV)

2.5 pvidiv

25.0 ms/div Time (ms)

Fig. 4 Comparison of the PERG result in a patient with
pituitary tumor (a) versus the healthy individual (b)
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improvement in axoplasmic transport and metabolic
and ischemic insults that can act along the course of
the axon after reducing the tumor mass [20, 40, 57].

In patients with chiasmal compression, PERG
amplitude and OCT RNFL, and macular thickness
measurements were significantly related to visual field
loss, but not to each other. The study results suggest
that the two technologies quantify neuronal loss
differently in patients with chiasmal compression
and are complementary tests [58, 59].

Photopic negative response

The photopic negative response (PhNR) is a negative
wave that follows the photopic b-wave and can be used
for evaluating the degree of damages in RGCs in
patients with compressive optic neuropathy [60-62].
The PhNR has prognostic value in the preoperative
assessment of chiasmal compression and for predict-
ing postoperative visual outcome. The decreased
PhNR/b-wave amplitude ratio correlated significantly
with the worse postoperative visual field (MD and
temporal visual field sensitivity). Moreover, PhNR is
relevant as a functional indicator compared with the
structural OCT, which reflects structural changes. The
PhNR has several practical advantages compared with
PERG. It is not require refractive correction, clear
ocular media, and exact foveal fixation because is
elicited by a strong flash [63].

Serial recordings

The electrophysiological tests can monitor dynamics
of the functional state of the chiasm [23]. The serial
tests are the method of monitoring optic nerve and
chiasm deterioration in the course of the disease [49].
They may even detect visual pathway dysfunction
prior to the disturbances observed in the other
ophthalmological tests (visual acuity, static perimetry,
and OCT) and thus influence the management of the
pituitary tumor.

A patient with suspected influence of the pituitary
adenoma on the chiasm should be sent to complete
routine ocular diagnostic test and also neuroimaging
(CT scanning and/or MRI). To detect the visual
pathway disturbances concern with silent tumor
growth, the authors suggested that additionally elec-
trophysiological tests such as PERG and multi-chan-
nel PVEP (optionally mfVEP and PhNR) should be
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performed as follows: baseline and at 6 months for
microadenomas to assess progression, at 3 months for
macroadenomas, and then less frequently if
unchanged in size. If the tumor compress the visual
pathway the examinations should be performed more
frequently.

Conclusion

In the early stage of the optic nerve and RGCs
dysfunction due to pituitary adenoma, the abnormal-
ities of electrophysiological tests can be found even
without clinical evidence of the visual impairment in
the routine ophthalmological examination and addi-
tional tests such as perimetry or OCT. Early detection
of chiasmal dysfunction by electrophysiological tests
and prompt treatment of the condition can prevent
optic nerve neuropathy and severe irreversible visual
loss. The electrophysiological tests should be used in
the detection of early impairment of ganglion cells
and/or optic nerve caused by pituitary adenoma, even
without evident chiasmal compression in MRI, as well
as for assessment of the progression and management
of patients.
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